During embryonic development, environmental perturbations can affect organisms' developing phenotype, a process known as developmental plasticity. Resulting phenotypic changes can occur during discrete, critical windows of development. Critical windows are periods when developing embryos are most susceptible to these perturbations. We have previously documented that hypoxia reduces embryo size and increases relative heart mass in American alligator, and this study identified critical windows when hypoxia altered morphology, cardiovascular function, and cardiac gene expression of alligator embryos. We hypothesized that incubation in hypoxia (10% O2) would increase relative cardiac size due to cardiac enlargement rather than suppression of somatic growth. We exposed alligator embryos to hypoxia during discrete incubation periods to target windows where the embryonic phenotype is altered. Hypoxia affected heart growth between 20 and 40% of embryonic incubation, whereas somatic growth was affected between 70 and 90% of incubation. Arterial pressure was depressed by hypoxic exposure during 50 -70% of incubation, whereas heart rate was depressed in embryos exposed to hypoxia during a period spanning 70 -90% of incubation. Expression of Vegf and PdgfB was increased in certain hypoxia-exposed embryo treatment groups, and hypoxia toward the end of incubation altered ␤-adrenergic tone for arterial pressure and heart rate. It is well known that hypoxia exposure can alter embryonic development, and in the present study, we have identified brief, discrete windows that alter the morphology, cardiovascular physiology, and gene expression in embryonic American alligator. critical windows; embryo; hypoxia; reptile; gene expression DEVELOPMENTAL PLASTICITY is an important trait during vertebrate maturation, resulting in phenotypic modifications to the organism (4, 8, 14, 19, 30, 40, 55, 65) . Developmental phenotypic plasticity has been extensively studied for disease states in humans (3, 4, 31) , and impacts of the developmental environment in nonmammalian species that routinely experience fluctuations in abiotic factors are a burgeoning area of study. Investigations of terrestrial egg-laying species have shown that the developmental environment has important effects on organismal phenotype (20 -22, 24, 32-34, 43, 63, 65, 66, 68). Certain species exhibit increased susceptibility to environmental perturbation during discrete developmental periods, and application of stress during these "critical windows" may alter the phenotype of resulting offspring (9, 10, 65). Changes in gene expression often dictate the morphological and functional phenotype of the individual. Therefore, for species that experience natural fluctuations in abiotic factors, fluctuations in the developmental environment during critical windows can result in phenotypic change. Reptilian embryos encounter variation in several abiotic factors (1, 11, 45, 48, 51, 53, 56) and receive limited, if any, parental care after oviposition. The developmental environment could have profound impacts on the phenotype of reptilian hatchlings, juveniles, and adults (70).
DEVELOPMENTAL PLASTICITY is an important trait during vertebrate maturation, resulting in phenotypic modifications to the organism (4, 8, 14, 19, 30, 40, 55, 65) . Developmental phenotypic plasticity has been extensively studied for disease states in humans (3, 4, 31) , and impacts of the developmental environment in nonmammalian species that routinely experience fluctuations in abiotic factors are a burgeoning area of study. Investigations of terrestrial egg-laying species have shown that the developmental environment has important effects on organismal phenotype (20 -22, 24, 32-34, 43, 63, 65, 66, 68) . Certain species exhibit increased susceptibility to environmental perturbation during discrete developmental periods, and application of stress during these "critical windows" may alter the phenotype of resulting offspring (9, 10, 65) . Changes in gene expression often dictate the morphological and functional phenotype of the individual. Therefore, for species that experience natural fluctuations in abiotic factors, fluctuations in the developmental environment during critical windows can result in phenotypic change. Reptilian embryos encounter variation in several abiotic factors (1, 11, 45, 48, 51, 53, 56) and receive limited, if any, parental care after oviposition. The developmental environment could have profound impacts on the phenotype of reptilian hatchlings, juveniles, and adults (70) .
Chronic hypoxic exposure (10% O 2 ) from 20% to 90% of embryonic incubation reduces embryonic mass and increases relative heart mass in American alligator (Alligator mississippiensis) and the common snapping turtle (Chelydra serpentina) (14, 25, 27) . Hypoxic incubation in both species alters baseline arterial pressure and heart rate (14, 23, 26, 27) , and both species exhibit plasticity in the maturation of cardiovascular regulatory mechanisms in response to developmental hypoxia (23, 26, 27) . We recently identified a critical period in snapping turtle development, from 50 to 70% of embryonic incubation, during which hypoxia produces an enlarged heart (65) . Two explanations were postulated: 1) either the relative increase in heart mass represents the capacity to maintain growth of the heart in low O 2 , while embryonic somatic growth is suppressed, or 2) low O 2 directly elicits a response from the developing cardiac tissue (65) . Alligator embryos have a lengthier embryonic development period than snapping turtles and do not increase metabolic rate substantially until 70% of incubation; therefore, a window affecting heart size may occur at a later time point (52, 66) .
The purpose of this study was to identify critical windows when hypoxia alters cardiac gene expression, cardiovascular function, and morphological phenotypes of American alligator embryos. These critical windows could have pronounced impacts on the embryonic, juvenile, and adult cardiovascular phenotype, as in endotherms (36, 37) . We hypothesized that incubation in 10% O 2 increases relative cardiac size, which is due to cardiac enlargement and not suppression in somatic growth. We also hypothesized that hypoxic heart tissue would show altered expression of genes controlling metabolism, cell growth and proliferation, and cardiac contractile proteins, and that hypoxic somatic tissue would show altered expression of genes controlling metabolism and cell growth and proliferation. Further, we hypothesized that a 10% O 2 critical window producing hypotensive embryos spans from 70% to 90% of incubation in alligators. This window coincides with the greatest rate of embryonic growth in American alligators (14, 18) , the timeframe when arterial pressure increases (14) , and the onset of baroreflex function in embryonic alligators (17) . We tested these hypotheses by shifting embryonic alligators between normoxia (21% O 2 ) and hypoxia (10% O 2 ) at multiple points of incubation. All morphological and physiological phenotypic assessments were conducted at 90% of incubation. Our findings show that alteration of cardiovascular phenotype in American alligator embryos requires relatively brief exposures to reduced environmental O 2.
MATERIALS AND METHODS
Alligator embryo acquisition and incubation. American alligator (Alligator mississippiensis) eggs were collected from Rockefeller Wildlife Refuge in Grand Chenier, LA, and were transported to the University of North Texas (UNT), Denton, TX, during June 2013 and 2014. Egg mass was determined to the nearest milligram using an analytical balance (Mettler Toledo, XS204, Columbus, OH). Two alligator embryos from each clutch were staged after collection each year to determine approximate age of each clutch in accordance with previously published methods (72-day incubation period at 30°C; 14, 28) . Six clutches were used in 2013 (80 eggs), and eight clutches were used in 2014 (42 eggs). Each year, equal numbers of eggs from each clutch were randomly distributed to plastic containers (2.5 liter Ziploc Container, SC Johnson, Racine, WI) and were buried to the midpoint of the egg in a bed of moist vermiculite mixed in a 1:1 ratio of vermiculite:water. Water content of the vermiculite was maintained by weighing the box two to three times weekly and adding water as needed to keep the mass constant, as previously described (14) . Eggs were incubated at 30°C to ensure all embryos developed as females (28, 29) .
Incubation in experimental conditions began at ϳ20% of embryonic development when containers were sealed inside large Ziploc ® bags with two holes that allowed parallel inflow and outflow of gas. Oxygen mixtures were made using compressed N2 and room air (10% O2) connected to two rotameters (Sho-Rate Brooks Instruments Division, Hatfield, PA) or room air (21% O2). Gas mixtures passed through a H2O-bubbler to ensure adequate water saturation of Ն80 -95% relative humidity. Gas composition was monitored continuously with an oxygen analyzer (S-3AI, Applied Electrochemistry, IL) connected to a PowerLab 16/35 data recording system connected to a computer running LabChart Pro software (v 7.2 ADInstruments, Colorado Springs, CO), and data were recorded at 10 Hz, as previously described (23) .
Experimental shifts during incubation. During the 2013 and 2014 summer research season, eggs from each clutch were divided into groups subjected to different gas exposure manipulations (Fig. 1) . During each year, two groups were continuously incubated in either 21% O2 (N, for normoxia) or 10% O2 (H, for hypoxia). All clutches within a year were represented in each oxygen exposure protocol. Designations for each group are as follows: 1) N: a group incubated in 21% O2 from 20% to 90% of incubation; 2) H: a group incubated in 10% O2 from 20% to 90% of incubation; 3) H50-90: a group incubated in 10% O2 from 50 to 90% of incubation (2013); 4) H20-50: a group incubated in 10% O2 from 20 to 50% of incubation (2013); 5) H70-90: a group incubated in 10% O2 from 70 to 90% of incubation (2013); 6) H20-70: a group incubated in 10% O2 from 20 to 70% of incubation (2013); 7) H30-50: a group incubated in 10% O2 from 30 to 50% of incubation (2014); 8) H20-30/50-90: a group incubated in 10% O2 from 20 to 30% and from 50 to 90% of incubation (2014); 9) H40-50: a group incubated in 10% O2 from 40 to 50% of incubation (2014), and 10) H20-40/50-90: a group incubated in 10% O2 from 20 to 40% and from 50 to 90% of incubation (2014) .
2013 surgical instrumentation only. Eggs were removed from O 2 treatments for study at 90% of incubation (ϳ65 days), corresponding to stage 25 of development (28) . In normoxia, eggs were first candled to identify a tertiary chorioallantoic membrane (CAM) artery, placed in a temperature-controlled surgical chamber (21% O 2, 30°C), and ϳ1 cm 2 of the eggshell removed under a dissection microscope (Leica MZ6; Leica Microsystems, Waukegan, IL). Heat-pulled polyethylene (PE)-50 tubing filled with heparinized saline solution (0.9% NaCl and 50 IU/ml heparin) was then inserted into the CAM artery, as previously described (13, 16) .
Following catheterization, embryos were transferred to a waterjacketed, six-chamber stainless-steel experimental apparatus (ϳ700 cm 3 per chamber, one embryo per chamber) and allowed to recover until cardiovascular parameters stabilized (at least 60 min). Chamber temperature was maintained at 30°C using a recirculating constant temperature water bath (VWR International, LLC, West Chester, PA). Each chamber had a lid with small holes, allowing the catheter and Periods of exposure to 10% O2 in the different treatment groups of American alligator embryos. In all cases, the open bar segment represents the period of incubation in normoxic conditions, while the solid bar represents the exposure to 10% O2. Groups were either maintained in normoxic conditions (N), 10% O2 conditions (H), or shifted as follows: from 21 to 10% O2 at 50% of incubation (H50-90), from 10% to 21% O2 at 50% of incubation (H20-50), from 21 to 10% O2 at 70% of incubation (H70-90), from 10% to 21% O2 at 70% of incubation (H20-70), from N to H at 30% and back to N at 50% of incubation (H30-50), moved from H to N at 30% of incubation and back to H at 50% of incubation (H20-30/50-90), from N to H at 70% of incubation and back to N at 50% of incubation (H40-50) incubation, and moved from H to N at 30% of incubation and back to H at 50% of incubation (H20-40/50-90).
airlines to enter the chamber. All incoming air was humidified by passing through a bubbler and warmed by traversing 2 m of copper tubing in contact with the warmed stainless-steel apparatus encased by 7 cm of polystyrene. Warmed, humidified room air was pumped into each chamber at 300 ml/min. Each arterial catheter was attached to a disposable pressure transducer (ADInstruments, model no. MLT0699) 1-3 cm above the egg. The transducer was connected to an amplifier (Quad Bridge Amp, ADinstruments), and the pressure signal was acquired at 40 Hz using a PowerLab 16/35 data recording system (ADInstruments) and LabChart Pro software (v. 7.2.5, ADInstruments). Pressure transducers were calibrated prior to the study with a vertical column of saline, and heart rate (f H) was calculated on the basis of the arterial pulse frequency. All embryos received an initial injection of 150 l of heparinized saline (0.9% NaCl, 50 IU/ml) to determine mean arterial pressure (P m) and fH responses to the injection volume.
2013 P m and fH response to cholinergic and adrenergic receptor blockade. Following the recovery period, the P m and fH response to cholinergic and adrenergic blockade was determined, as previously described (23) . After a second saline flush, each embryo received serial injections of the cholinergic antagonist atropine (3 mg/kg), the ␤-adrenergic antagonist propranolol (3 mg/kg), and the ␣-adrenergic antagonist phentolamine (3 mg/kg) with a 30 -60-min recovery period between individual injections to ensure maximal responses, as previously reported (14, 23) . Sample sizes for the treatment groups are provided in figure captions for each drug injection. Decreases in sample sizes reflect embryos that displaced the catheter.
2013 and 2014 animal euthanasia and wet masses. At the completion of each study, all embryos were euthanized with an overdose of isoflurane (Isoflo; Abbott Laboratories, North Chicago, IL). Wet mass of the whole embryo (excluding embryonic membranes), heart (combined atria and ventricular mass), yolk, liver, lungs, kidneys, and the whole rear right limb were determined to the nearest milligram using an analytical balance (Mettler Toledo XS204). All tissues were then flash frozen with liquid N2 and stored at Ϫ80°C for gene expression studies. Embryo stage was verified upon death to ensure normoxic and hypoxic embryos were at the same developmental stage. A subset of the stored tissue was used for gene expression studies. All studies were carried out according to an approved animal care protocol: UNT Institutional Animal Care and Use Committee nos. 11-007 and 1403-04.
2013 quantitative real-time PCR. We used real-time PCR to measure mRNA expression for the following genes in heart tissue at 90% of development: 18S ribosomal RNA (18S rRNA), glyceraldehyde 3-phosphate dehydrogenase (Gapdh), hypoxia-inducible factor 1, alpha subunit (Hif1␣), lactate dehydrogenase (Ldha), ryanodine receptor 2 (Ryr2), vascular endothelial growth factor (Vegf), plateletderived growth factor B chain (PdgfB), myosin, heavy chain 6, cardiac muscle, alpha (Myh6), cardiac myosin binding protein-C (Mybpc3), phospholamban (Pln), insulin-like growth factor 2 (Igf2), and titin (Ttn). Whole limb was used to determine mRNA expression for the following genes at 90% of development: 18S rRNA, Gapdh, hypoxiainducible factor 1, alpha subunit (Hif1␣), Ldha, Vegf, PdgfB, phospholamban (Pln), and Igf2. We selected genes from functional categories that were likely to be related to changes in gross morphology or physiology of the heart. We picked hypoxia-responsive genes (Hif1␣ and Ldha, which is a known Hif1␣ target), calcium signaling genes involved in cardiac development and smooth muscle contraction (Ryr2, Pln), growth factors that could cause hyperplasia (VegfA, Igf2, PdgfB), and structural proteins that could underlie hypertrophic growth (Mybpc3, Myh6, Ttn). We picked 18S rRNA and Gapdh as potential house-keeping genes.
Primers for real-time PCR (Table 1) were designed with Primer Express Software v2.0 (Applied Biosystems) and purchased from Integrated DNA Technologies (Coralville, IA). We designed primers to amplify PCR products of similar size: PCR products were 76 bp or 77 bp for all genes except Ttn, which had an 83-bp product. Standards were made as previously described (57, 58) . Standard curves were log-linear over eight orders of magnitude, which allowed quantification of gene expression in attograms of cDNA (i.e., PCR product) for each nanogram of input RNA -1 . Given the slightly different lengths of the PCR products, we converted attograms (ag) of cDNA into number of copies of cDNA per nanogram of input per RNA using the following formula: ag PCR product ϫ Avogadro's number/length of PCR product ϫ 10 18 ag/g ϫ 650 g/mol (molar mass of dsDNA). Total RNA was extracted from heart using a Zymo Research Tissue and Insect RNA MicroPrep kit (Zymo Research, Irvine, CA) and treated with RNase-free DNase. The concentration and purity of total RNA were measured using a NanoDrop 1000 spectrophotometer (Thermo Scientific, Wilmington, DE). All samples had 260/280 absorbance ratios of 1.8 -2.0 and displayed discrete 18S and 28S rRNA bands when analyzed on agarose gels. In the case of rRNA degradation, samples were excluded from further analysis.
We synthesized cDNA by reverse transcribing 1 g of intact total RNA in a 20 l reaction using iScript Reverse Transcription Supermix, as per the manufacturer's instructions (Bio-Rad, Hercules, CA). Real-time PCR was performed with SsoFast EvaGreen Supermix, according to the manufacturer's instructions (Bio-Rad, Hercules, CA). Each reaction contained 5 l of 2ϫ SsoFast EvaGreen Supermix, 0.3 l of forward primer and 0.3 l of reverse primer (final primer concentration ϭ 300 nM), 2 l of heart cDNA (equivalent to 100 ng of input RNA), and water to bring the total volume to 10 l. Reactions were run on white 384-well plates in a CFX384 real-time PCR Detection System. The thermal profile was 94°C for 30 s to activate the DNA polymerase followed by 40 cycles of two-step PCR (94°C for 1 s and 60°C for 10 s). Negative control reactions (no reverse transcriptase controls and water controls) demonstrated no contamination with genomic DNA or exogenous PCR products. A melt curve at the end of each run verified that a single product was amplified.
Statistical analyses. For the 2013 study, P m and fH pre-and post-drug injections were taken as the average over a 5-min period following Pm and fH stabilization, ϳ20 min postinjection. Paired t-tests were used to compare control Pm and fH to the hypoxic or drug responses within treatment groups, as previously conducted (26) . To compare responses between treatment groups, fractional responses of Pm and fH were arcsine square root transformed, as previously described (17, 26, 65) . Transformed fractions were compared using a one-way ANOVA, with incubation condition as the independent variable, and significant effects were followed by SNK post hoc comparisons (65) . Egg masses in 2013 and 2014 were analyzed using a one-way ANCOVA with treatment group used as the independent variable and year as the covariate and SNK post hoc comparison. For both the 2013 and 2014 studies, wet embryonic and yolk mass was analyzed using a two-way ANCOVA, with treatment group and year used as the independent variable and egg mass as the covariate. This analysis was selected because of the known correlation between egg mass and hatchling mass (18) . Individual tissue wet masses between treatment groups were analyzed using a one-way ANOVA and SNK post hoc comparison, as previously conducted (23, 25, 27) . The fraction of wet organ mass to wet embryo mass [organ mass (g) ϫ embryo mass (g) Ϫ1 ] was arcsine square root transformed, and values were compared between treatment groups using a one-way ANOVA and SNK post hoc comparisons. For tests outlined above, statistical significance was determined on the basis of P Ͻ 0.05. We used a two-way ANCOVA to analyze mRNA concentrations with treatment group and clutch identity as the independent variables and 18S rRNA or Gapdh as the covariate. A significant main effect of treatment was followed by comparisons of experimental groups to the control group. The Dunn-Sidák method was used to correct for multiple comparisons. The nominal significance level was calculated as ␣= ϭ 1 Ϫ (Table 2 ) for the N embryos in both years were similar to those previously reported for American alligator embryos (14, 25, 64) . Hypoxic incubation significantly reduced (ϳ30%) embryo mass (P Ͻ 0.001) at 90% of incubation compared with N embryos, similar to previous reports (14, 23, 25, 26) . Given embryonic mass was unaffected by a year of study, mass parameters were pooled in further analysis.
Organ masses. Hypoxia from 70 -90% of incubation was a period that strongly affected embryo mass in American alligator embryos. Mean body mass for embryos exposed to hypoxia from 20 to 90% (H), from 50 to 90% (H50-90), and from 70 to 90% (H70-90) of incubation were similar in size to each other, but smaller than the other groups (P Ͻ 0.001; Fig. 2A ). This was also the case for the H20-30/50-90 and H20-40/50-90 treatments groups ( Fig. 2A) . Embryos that experienced brief periods of hypoxic exposure (H30-50 and H40-50) were similar in embryonic mass to the N group ( Fig. 2A) .
Yolk mass was larger in embryos that experienced hypoxia at any point in incubation compared with N embryos (P Ͻ 0.001; Table 2 ). Yolk mass of the H treatment group was similar to that previously reported for embryonic alligators exposed to 10% O 2 until 90% of incubation (14) . Data indicated a graded effect on yolk utilization dependent on the period of exposure to hypoxic developmental conditions. However, exposure to hypoxia between 30 and 50% of incubation had no effect on yolk depletion or use relative to the N group (Table 2) .
Absolute heart mass of the N treatment group was similar to that previously reported for embryonic alligators at 90% of incubation (14, 25) . Absolute heart mass was 18%, 21%, and 26% smaller in H, H50-90, and H70-90 hypoxic treatment groups, respectively, compared with the N group (P Ͻ 0.001; Table 2 ). A decrease in absolute heart mass was also evident in the hypoxic exposure groups H20-30/50-90 (Ϫ33%) and H20-40/50-90 (Ϫ25%). Overall, those embryos held in 10% O 2 from 70 to 90% incubation regardless of the exposure prior to this window had the smallest absolute heart mass ( Table 2) . However, relative heart mass (tissue mass to body mass) was greater in all alligator embryos that were exposed to 10% O 2 from 20 to 40% of incubation compared with the N treatment group, H (increased 21%), H20-50 (increased 15%), H20-40/50-90 (ϩ21%) and H20-70 (increased 19%) treatment groups (P Ͻ 0.001; Fig.  2B ). Finally, embryos moved from normoxia into hypoxia at 30% (H30-50) or 40% (H40-50) and returned to normoxia at 50% of incubation had similar relative heart mass to that of the N treatment group (Fig. 2B) .
All other organ masses were impacted by prolonged incubation in hypoxia (Table 2) . Liver mass was reduced in the H (Ϫ42%), H50-90 (Ϫ43%), H70-90 (Ϫ47%), H20-30/50-90 (Ϫ45%), and H20-40/50-90 (Ϫ42%) groups compared with the N group with no impact on the H30-50 or H40-50 groups (P Ͻ 0.001; Table 2 ). This indicated the window of substantial liver growth spans from 50 to 90% of incubation. When liver mass was corrected relative to embryo mass, only the H50-90 (25% lower) group was significantly different compared with the N group (P Ͻ 0.001; Table 2 ). Similar reductions in lung and kidney mass were recorded for the H, H20-30/50-90, H20-40/50-90, H50-90, and H70-90 treatments groups compared with the N group ( Table 2) . Reduction in kidney mass was related to overall reduction in embryonic size ( Fig. 2A) given that the relative kidney mass was similar across all treatment groups (Table 2) . Interestingly, embryonic alligators incubated in hypoxia from 40 to 50% of incubation (H30-50 H40-50, and H20-70) had relative lung mass that was lower than the N group (Table 2) .
2013 baseline cardiovascular parameters. Baseline P m and f H at 90% of incubation for N embryos were similar to those previously reported for embryonic alligator embryos incubated at 30°C (14, 23, 26, 50, 64) .
The H treatment group was hypotensive relative to the N group, similar to that previously reported for alligator embryos incubation in these conditions (14, 23, 26, 50) . P m in the H20-50 treatment group was lower than the N group (ϳ0.5 kPa) and similar to the H group (Fig. 3A) . Hypoxia prior to 50% (H20-50) or 70% (H20-70) of incubation had no impact on baseline P m relative to the N group, which was also the case in the H70-90 group (Fig. 3A) . This indicates the window of exposure to hypoxia that results in the embryonic hypotension in the American alligator spans from 50 to 70% of incubation (Fig. 3A) .
f H of the different treatment groups was more complex than the P m response (Fig. 3B) . f H was slightly, but not significantly, depressed in the H group compared with the N treatment similar to that previously reported (14, 23, 26, 50) . H50-90 and H70-90 groups were bradycardic (Ϫ10 beats/min) compared with the N group (P Ͻ 0.05; Fig. 3B ). H20-50 embryo f H was qualitatively elevated (ϩ6 beats/min), and H20-70 embryos displayed a significantly increased f H (ϩ6 beats/min) compared with the N group (Fig. 3B) . 2013 cardiovascular response to cholinergic receptor blockade. Cholinergic receptor blockade with atropine (3 mg/ kg) significantly reduced P m (ϳ0.1 kPA) in the H treatment group and increased f H slightly (ϳ2 beats/min) in the N treatment group (Fig. 4, A and B) . Cholinergic blockade had no effect on any of the remaining treatment groups.
2013 cardiovascular response to adrenergic receptor blockade. ␤-adrenergic receptor blockade with propranolol (3 mg/kg) significantly increased P m with the exception of H and H50-90 treatment groups (Fig. 5A) . The intensity of the hypertensive response to ␤-adrenergic blockade for the N, H20-50, H70-90, and H20-70 was similar, ranging from 0.26 to 0.40 kPa (Fig. 5A) . The ␤-adrenergic receptor blockade resulted in a significant reduction in f H , ranging from 26 to 37% in all groups (Fig. 5B) ; however, the intensity of the blockade response differed in the treatment groups (P Ͻ 0.001; Fig. 5B ). Embryos incubated in hypoxia from 70 to 90% of incubation (H, H50-90, and H70-90) had a greater bradycardic response to ␤-adrenergic receptor blockade of ϳ36% compared with those embryos incubated in normoxia (N, H20-50, and H20-70) in which f H decreased ϳ26% (Fig. 5B) .
Blockade of the ␣-adrenergic receptors with phentolamine (3 mg/kg) significantly reduced P m in all embryos, and the intensity of the response ranging from 42% to 60% of preinjection values was similar between all groups except the H70-90 treatment group (Fig. 6A) . Following ␣-adrenergic receptor blockade, f H was unaffected in most treatment groups, with the exception of N embryos that showed a slight but significant increase in f H (P Ͻ 0.001; Fig. 6B ).
2013 effects of developmental hypoxia on cardiac gene expression. Gene expression studies were conducted on a subset of the cardiac tissues: the hypoxic group (H) was excluded from our analyses because those hearts were processed at a different time and in a different location (at UNT) from hearts in the other groups (at University of North Dakota). After excluding the H group, expression of 18S rRNA in hearts did not vary among treatment groups or between clutches. We could, therefore, use 18S rRNA expression as a covariate (i.e., a housekeeping gene) to control for sample-tosample variation in RNA extraction or cDNA synthesis efficiency.
Cardiac expression of Mybpc3 in hearts was significantly affected by hypoxic treatment (P Ͻ 0.05) and covaried with 18S rRNA levels (P Ͻ 0.05), but was not affected by clutch identity. Although Mybpc3 expression tended to be lower in all hypoxic groups, expression was only significantly lower in the H70-90 group after correction for multiple comparisons (Fig.  7) . Expression of Hif1␣, Ldha, Ryr2, Pln, VegfA, PdgfB, Myh6, Igf2, and Ttn was unaffected by hypoxic incubation. However, clutch identity did have a significant effect on Ldha expression (P Ͻ 0.01). Igf2 expression was significantly correlated with 18S rRNA levels (P Ͻ 0.005).
We also tested for correlations between gene expression and cardiac mass. We used treatment and clutch as independent variables in ANCOVA and included embryo mass as a covariate to control for the overall correlation between heart size and body size. We then included expression values for each gene as a covariate. Statistically controlling for treatment, clutch, and embryo mass, Pdgf was the only gene to covary with cardiac mass at 90% of development (P Ͻ 0.01). There was a positive correlation between Pdgf expression and cardiac mass.
2013 effects of developmental hypoxia on gene expression in limbs. Limb tissues were all processed together at the same time and in the same location (at UNT). Therefore, we were able to analyze gene expression in limbs for all experimental groups. In contrast to hearts, expression of 18S rRNA in limbs . Groups were either maintained in normoxic conditions (N), 10% O2 conditions (H) or shifted as follows; from 21 to 10% O2 at 50% of incubation (H50-90), from 10% to 21% O2 at 50% of incubation (H20-50) from 21 to 10% O2 at 70% of incubation (H70-90), from 10% to 21% O2 at 70% of incubation (H20-70) from 21% to 10% O2 at 30% and back to 21% at 50% of incubation (H30-50), from 10% to 21% O2 at 30% and back to 10% at 50% of incubation (H20-30/50-90), from 21% to 10% O2 at 40% and back to 21% at 50% of incubation (H40-50) incubation and from 10% to 21% O2 at 30% and back to 10% at 50% of incubation (H20-40/50-90). Dissimilar letters indicate statistically distinct values where noted (P Ͻ 0.05). Data are presented as means Ϯ SE. Sample sizes are presented in Table 2. was significantly affected by hypoxic treatment (P Ͻ 0.005) and by clutch identity (P Ͻ 0.05). Thus, we could not use 18S rRNA as a covariate to control for sample-to-sample variation in RNA extraction or cDNA synthesis efficiency. We examined Gapdh as another potential housekeeping gene. Expression of Gapdh in limbs did not vary among treatment groups or between clutches. Therefore, Gapdh was used as the covariate for expression analyses of other genes in limbs.
Expression of Ryr2 was significantly affected by hypoxic treatments (P Ͻ 0.005) and by clutch identity (P Ͻ 0.0001). Hypoxic exposure during the latter part of embryogenesis decreased Ryr2 expression: H50-90 and H70-90 groups had significantly lower levels of Ryr2 in limbs than the normoxic group (Fig. 8A) . Mybpc3 in limbs was significantly affected by hypoxic treatment (P Ͻ 0.0001), by clutch identity (P Ͻ 0.001), and covaried with Gapdh expression (P Ͻ 0.0001). The H70-90 group was the only group that differed significantly from the normoxic control group after correction for multiple comparisons (Fig. 8B) . Expression of Ttn in limbs was significantly affected by hypoxic treatment (P Ͻ 0.01) and covaried with Gapdh expression (P Ͻ 0.0001). The H50-90 group was the only group that differed significantly from the normoxic control group after correction for multiple comparisons (Fig. 8C) .
Expression of Hif1␣, Ldha, Pln, VegfA, Igf2, PdgfB, and Myh6 were not affected by hypoxia treatments. However, Ldha expression was affected by clutch (P Ͻ 0.05) and was correlated with Gapdh expression (P Ͻ 0.0001). Clutch identity affected Igf2 expression (P Ͻ 0.05) and PdgfB expression (P Ͻ 0.05). Myh6 expression was affected by clutch (P Ͻ 0.05) and was correlated with Gapdh expression (P Ͻ 0.0001). Additionally, Gapdh expression was a significant covariate for Hif1␣ (P Ͻ 0.0001), Pln (P Ͻ0.0001), VegfA expression (P Ͻ 0.001).
DISCUSSION
The environment has the potential to markedly alter the phenotype of developing animals (14, 23, 24, 25, 26, 27, 50, 67, 68) . Brief changes in the developmental environment for short periods can impact the pattern of organogenesis, which may have both short-and long-term effects on the organism (10, 22, 67) . The potential for irreversible changes in organ phenotype is greatest if a stressor is applied early in ontogeny. During embryogenesis in egg-laying reptiles, which naturally experience fluctuations in abiotic conditions, such as O 2 availability, plasticity could conceivably produce an animal with greater tolerance to low O 2 environments later in life. These data support our hypotheses that developmental hypoxia alters cardiac morphology, gene expression, and cardiovascular regulation in reptiles, including embryonic alligators. Recently, Wearing et al. (70) found that snapping turtles raised for 3 yr in normoxia following hypoxic incubation were smaller with reduced f H and increased V O 2 following feeding (70), relative to their normoxic counterparts. It is possible that alligators incubated in hypoxic conditions could show similar responses.
We identified discrete windows where embryonic and cardiac growth were affected by hypoxic exposure. Our prior work in the common snapping turtle demonstrated that hypoxic exposure over an 11-day period of embryonic development (total incubation 55 days) resulted in an embryo with an enlarged heart (27, 67) . This relative increase in heart mass could be due to a suppression of somatic growth, a response of the cardiac tissue to hypoxia directly, or to a secondary response due to endocrine or hemodynamic changes in the embryonic system (25, 27) . In the present study, we hypothesized that incubation in 10% O 2 increases relative cardiac size due to cardiac enlargement and not suppression of somatic growth. Our results supported this hypothesis, as cardiac enlargement results after hypoxic exposure between 20 and 40% of incubation, whereas embryonic growth is suppressed when hypoxia occurs from 70% to 90% of incubation.
Relative cardiac enlargement was evident in embryos from both seasons when they were subjected to chronic 10% O 2 prior to 50% of incubation (Fig. 2B) . Cardiac mass in ectotherms is an index of stroke volume (38, 39, 72) , and therefore, incubation in 10% O 2 may have increased stroke volume in embryos from this study. Eme et al. (25) reported that stroke volume increases ϳ100% in H embryos at 90% of incubation compared with control embryos from normoxic conditions. Critical windows for environmental effects on cardiac mass have been identified in numerous species, including embryonic fish, common snapping turtles, chickens, and mice, illustrating Groups consisted of those maintained in normoxic conditions (N), 10% O2 (H) shifted from 21% to 10% O2 at 50% of incubation (H50-90), shifted from 10% to 21% O2 at 50% of incubation (H20-50), shifted from 21% to 10% O2 at 70% of incubation (H70-90) and shifted from 10% to 21% O2 at 70% of incubation (H20-70). N to H at 30% and back to N at 50% of incubation (H30-50), moved from H to N at 30% of incubation and back to H at 50% of incubation (H20-30/H50-90), from N to H at 40% of incubation and back to N at 50% of incubation (H40-50) incubation and moved from H to N at 30% of incubation and back to H at 50% of incubation (H20-40/H50-90). In all cases, differing superscripted letters indicate significant differences (P Ͻ 0.05) in values between the treatment groups. Sample size (n) is indicated by numbers in parentheses.
this may be a common feature of vertebrate ontogeny (10, 22, 45, 51, 55, 61, 67, 72) . Clearly, hypoxic conditions during embryogenesis can produce an enlarged heart; however, the mechanisms by which hypoxia elicits this phenotype have yet to be determined.
We measured expression of genes that are known to respond to hypoxia or that have been shown to play a role in cardiac physiology or growth in other species. This included Hif1␣ and one of its direct transcriptional targets, Ldha. We also examined calcium-signaling genes (Ryr2 and Pln) that are involved in cardiac development and smooth muscle contraction. Finally, we measured growth factors (VegfA, Igf2, PdgfB) and structural genes (Mybpc3, Mhc6, Ttn). Unexpectedly, we found that hypoxia only influenced expression of one of these genes (Mybpc3) in the heart at 90% of incubation. It should be noted that gene expression in this study was based on samples taken at 90% of incubation, when gene expression may have normalized after an initial increase at the onset of hypoxic incubation. A time series would likely detect transient gene expression changes responsible for growth differences; however, with limited egg availability we could not sample for tissues and collect physiological measurements at multiple stages of development.
Changes in mRNA translation, as well as post-translational modifications following hypoxic incubation, could account for the cardiac enlargement without marked changes in mRNA expression. Nonetheless, hypoxia-induced differences in cardiac Mybpc3 mRNA expression persisted to 90% of incubation (Fig. 7) . It is unclear whether lower expression of Mybpc3 is directly related to physiological and morphological changes in the alligator heart, but mutation of this gene in mice and humans results in cardiac enlargement (42) . In mammals, the cellular mechanism underlying the increase in heart size depends upon whether individuals are heterozygotes or homozygotes for Mybpc3 mutations. Heterozygotes for Mybpc3 develop hypertrophic cardiomyopathy as a result of myocyte hypertrophy (increased cell size), whereas homozygotes develop dilated cardiomyopathy with cardiomyocyte hyperplasia (increased cell number). Our findings suggest that changes in Groups were either maintained in normoxic conditions (N), 10% O2 conditions (H) or shifted as follows: from 21 to 10% O2 at 50% of incubation (H50-90), from 10% to 21% O2 at 50% of incubation (H20-50), from 21 to 10% O2 at 70% of incubation (H70-90), or from 10% to 21% O2 at 70% of incubation (H20-70). Dissimilar letters in the groups indicate statistically distinct values where noted (P Ͻ 0.05). Data are presented as means Ϯ SE. Sample sizes N (n ϭ 9), H (n ϭ 5), H50-90; (n ϭ 17), H20-50 (n ϭ 17), H70-90 (n ϭ 10), and H20-70 (n ϭ 10). ) and frequency of heart beats (fH; B) for the control group and all shifted groups precholinergic (open column) and postcholinergic (solid columns) blockade in alligator embryos at 90% of incubation. Groups were either maintained in normoxic conditions (N), 10% O2 conditions (H), or shifted as follows: from 21 to 10% O2 at 50% of incubation (H50-90), from 10% to 21% O2 at 50% of incubation (H20-50) from 21 to 10% O2 at 70% of incubation (H70-90), or from 10% to 21% O2 at 70% of incubation (H20-70). Asterisks indicate a significant response to cholinergic blockade (P Ͻ 0.05). Dissimilar letters in the groups indicate statistically distinct differences in the response intensity between compared groups. Data are presented as means Ϯ SE. Sample sizes N (n ϭ 9), H (5), H50-90 (n ϭ 15), H20-50 (n ϭ 15), H70-90 (n ϭ 9), and H20-70 (n ϭ 9).
Mybpc3 expression might provide a mechanistic link between hypoxia and altered cardiovascular phenotype in alligator embryos. Further characterization of Mybpc3 expression throughout embryogenesis is clearly warranted. It will also be critical to examine whether this molecular phenotype is associated with hyperplastic or hypertrophic cardiac growth. Previously, we proposed that a potential contributor to the hypoxic heart enlargement could be the direct effect of low O 2 on gene expression, a mechanically mediated response to changes in cardiac preload and afterload, or a secondary response to hypoxia-induced hormonal release (25, 27) . The window of susceptibility identified for cardiac enlargement spanned from 20 to 40% of incubation, a time period of 14 days in embryos incubated at 30°C (Fig. 2B) . Eggs moved to normoxic conditions at 30% or 40% of incubation, then returned to hypoxia at 50% of incubation, retained the enlarged cardiac phenotype similar to H embryos (Fig. 2B) , thereby identifying this 7-14-day period of susceptibility. This relatively brief period of exposure to hypoxia coincides with the developmental stages 13 through 19, a period of cardiac chamber formation and major outflow vessel development (18, 28, 35, 47) . Metabolic rate over this period is quite low, less than ϳ0.04 ml O 2 ·g Ϫ1 ·min Ϫ1 in embryonic alligators incubated in both N and H conditions (Eme J and Crossley II DA, unpublished data). Therefore, during stages 13 through 19, 10% ambient O 2 should be sufficient to meet metabolic demands, and H conditions are unlikely to alter the metabolic demand of the cardiovascular system during this critical window (69) . Although possible changes in blood viscosity due to increased hematocrit at the time of hypoxic exposure cannot be ruled out, hematocrit at 70% and 90% of incubation is similar, 32 to 34%, in both normoxic and hypoxic incubated alligator embryos (65; Crossley II DA, unpublished data). Finally, relative cardiac enlargement is absent until 80% of incubation in H embryonic alligators, the same period during which embryo mass is most affected by hypoxic incubation (14, 25) . Collectively, findings from this study suggest the relative cardiac enlargement evident at 90% of embryonic alligator development could be due to earlier changes in gene expression induced by hypoxia. For example, research in embryonic mice found that hypoxic exposure applied at ϳ50% of embryonic development for 4 h results in elevated expression of Hif1␣ (45) . While a similar study has yet to be completed in alligator embryos, the Kenchegowda et al. (45) finding lends support to the proposed method of action of hypoxia in this species. As mentioned above, an examination of cardiac gene expression across the entirety of embryonic development would be illuminating. At a minimum, experiments during the sensitive period identified in this study may resolve key questions about the molecular and cellular mechanisms underlying the enlarged heart in alligator embryos. Normoxia during the latter half of incubation allowed recovery of normal embryonic mass ( Fig. 2A) . Conversely, hypoxic conditions over a short period late in embryogenesis (from 70 to 90% of incubation) caused a significant decrease in embryonic mass (Fig. 2A) . This effect of hypoxia on somatic growth was most strongly associated with decreased expression of Ryr2 mRNA in whole limbs (Fig. 8A ). This effect is consistent with the observation that ryanodine receptor-operated calcium stores are involved in muscle cell proliferation during tail regeneration in Xenopus laevis tadpoles (68) . The negative impact of hypoxia on embryonic mass has been documented in studies of Florida red-bellied turtle (Pseudemys nelson), common snapping turtles, American alligators, and several strains of domestic chickens (14, 15, 22, 23, 25-27, 41, 43-45, 63, 67, 69) . In both the common snapping turtle and embryonic chicken, hypoxia-induced reduction in overall embryonic mass is evident at 70% of incubation (27, 41) . Common snapping turtles have been suggested to lack a critical window for overall embryonic growth given that overall reduction in embryonic mass is dependent on total time exposed to hypoxic conditions (67) . Alligator embryos show a hypoxiasensitive period for embryo mass from 70 to 90% of incubation ( Fig. 2A) . The reason for this difference is unclear, as embryonic chickens have been suggested to have a critical window for hypoxia-induced reductions in mass from 30 to 60% of incubation (22, 62) . In addition, snapping turtle embryos exhibit a linear pattern of embryonic growth over the latter half of incubation, and on the basis of metabolic rate, the cost of development is also linear (6) . During alligator development, Fig. 7 . Cardiac expression of Mybpc3 mRNA for the control normoxic group and experimental groups exposed to hypoxia for the indicated periods of development. Groups were either maintained in normoxic conditions (N) or shifted to hypoxic conditions as follows: exposed to 10% O2 between 50% and 90% of incubation (H50-90), exposed to 10% O2 between 20% and 50% of incubation (H20-50), exposed to 10% O2 between 70% and 90% of incubation (H70-90), or exposed to 10% O2 from 20% to 70% of incubation (H20-70). *Significant difference from the normoxic control group at a P Ͻ 0.013 (probability adjusted using Dunn-Sidák correction for multiple comparisons, four experimental groups compared with controls). Data are presented as means Ϯ SE. Sample sizes N (n ϭ 10), H20-50 (n ϭ 10), H20-70 (n ϭ 11), H50-90 (n ϭ 12), and H70-90 (n ϭ 12). , and Ttn (C) mRNA in limbs from the control normoxic group and experimental groups exposed to hypoxia for the indicated periods of development. Groups were either maintained in normoxic conditions (N) or shifted to hypoxic conditions as follows: exposed to 10% O2 between 50% and 90% of incubation (H50-90), exposed to 10% O2 between 20% and 50% of incubation (H20-50), exposed to 10% O2 between 70% and 90% of incubation (H70-90), or exposed to 10% O2 from 20% to 70% of incubation (H20-70). *Significant difference from the normoxic control group at a P Ͻ 0.01 (probability adjusted using Dunn-Sidák correction for multiple comparisons, 5 experimental groups compared with controls). Data are presented as means Ϯ SE. Sample sizes N (n ϭ 10), H (n ϭ 7), H20-50 (n ϭ 10), H20-70 (n ϭ 11), H50-90 (n ϭ 12), and H70-90 (n ϭ 12). embryonic growth is exponential, with the maximal growth rate and maximal metabolic rate occurring between 70% and 90% of incubation at 30°C (18, 69) . This maximal growth window corresponds to the critical window for embryonic growth identified in this study ( Fig. 2A) . Movement to hypoxia during this period results in suppression of normal embryonic alligator growth (Fig. 2A) .
The cardiovascular regulatory phenotype is also altered during discrete windows. Hypoxia between 50 and 70% of incubation causes a relatively hypotensive and bradycardic phenotype when hypoxic conditions are experienced from 70 to 90% of incubation. The H group in this study was hypotensive relative to the N group at 90% of incubation (Fig. 3A) , as previously reported for this species (14, 23, 25) . Hypoxic incubation increases CAM vascularization of a number of embryonic species, including American alligator (12) and domestic chicken (20, 21) . Whole body vascular resistance in embryonic domestic chickens also decreases in response to hypoxic incubation (2) . Hypoxic incubation increases muscular capillary density and decreases diffusion distances in Canada geese (Branta canadensis); however, the impact on embryonic P m in this species was not investigated (63) . If similar changes in vascular structure occur in hypoxia-incubated alligator embryos, then relative hypotension could be attributed to increases in vascular density, as previously suggested (14) . Interestingly, hypoxic exposure of embryonic alligators beginning at 50% of incubation, but not 70%, produced a hypotensive phenotype, indicating that 50% to 70% of incubation is a critical window for establishing normal P m regulation in alligators (Fig. 3A) . This window of development coincides with a doubling of extra-embryonic blood volume in the domestic chicken, while CAM mass remains constant, indicating the vascular cross-sectional area of the CAM is increasing (59) . If this phenomenon also occurs in embryonic alligators, it may indicate the capacity to increase CAM vascular density or tissue capillary is limited during the 50 to 70% of incubation window. This limitation to vascular structure may also account for the reduction in overall body size evident in the H70-90 treatment group ( Figs. 2A and 4A ). In this scenario, embryonic mass is suppressed by hypoxia ( Fig. 2A) , while the animal no longer possesses the plasticity to increase CAM or body capillary density. Alternatively, embryonic alligators after 70% of incubation may exhibit an increase in cardiac contractility or blood volume to offset any increases in vascular cross-sectional area. However, expression of one gene involved in cardiac muscle contraction, Mybpc3, was depressed in embryos exposed to hypoxia late in incubation, possibly accounting for the relative hypotension. Further investigations of CAM vasculature plasticity, blood volume, and whole body vasculature of embryonic American alligators would help determine the basis for the P m critical window identified.
Differences in f H were also evident in alligator embryos introduced to hypoxic conditions at 50% or 70% of incubation (H50-90 and H70-90, respectively). These groups were bradycardic compared with N embryos (Fig. 3B) . In this study, the H treatment group's f H was not significantly lower than the N group, which differs from previous reports (14, 23, 26 ) but similar to late-stage embryonic alligators at 95% of incubation ( Fig. 3B; Ref. 23) . Clearly, the factors that establish control of f H require further investigation.
The effects of vagal blockade were minimal in all groups, as previously reported (17, 23) . This suggests cholinergic tone of cardiovascular function is minimal in embryonic alligators and nonresponsive to hypoxic incubation (Fig. 4, A and B) .
Embryonic alligator P m and f H responses to ␣-and ␤-receptor blockade revealed possible changes in adrenergic regulation in the different treatment groups (Fig. 5 and Fig. 6) . P m response to ␤-adrenergic blockade was absent in the H and H50-90 treatment groups, indicating sustained exposure to hypoxia from 50% to 90% of incubation eliminates ␤-receptormediated dilation (Fig. 5A) . This finding is similar to that previously reported for hypoxia-incubated embryonic alligators and could be attributed to vascular desensitization from chronic elevation of plasma catecholamines (23) . Prior analysis of hypoxia-susceptible periods in embryonic snapping turtles indicated that ␤-adrenergic receptor tone on the vasculature is constant irrespective of the period when hypoxic incubation commences (67) . However, this is not the case in the American alligator, which demonstrates greater plasticity in cardiovascular control elements compared with the snapping turtle. While sympathetic nervous system contribution was not addressed in this study, prior work has demonstrated the sympathetic regulation is nonfunctional in embryonic alligators (14, 23) . Therefore, increased catecholamine release in response to hypoxia starting midway through incubation could account for the proposed desensitization. However, differences in reductions in f H following adrenergic blockade could have secondarily impacted P m . Further investigations are needed to isolate the basis of the loss of responsiveness of P m to ␤-adrenergic blockade.
In contrast to the suppressed vascular ␤-adrenergic tone, the f H response to ␤-adrenergic blockade intensified in all treatment groups incubated in hypoxia from 70 to 90% of development (Fig. 5B) . Increased ␤-adrenergic tone on f H has previously been reported in alligator embryos studied between 80 and 90% of incubation (23) . Cardiac ␤-adrenoceptor sensitivity is increased in chicken embryos subjected to chronic hypoxic incubation, possibly accounting for our findings in the alligators (48) . Importantly, all treatment groups that included hypoxia during a period spanning 70 -90% of incubation (i.e., H, H50-90, and H70-90) had similar intrinsic f H , with complete cholinergic and adrenergic receptor blockade, which was lower than all other treatment groups (Fig. 6B) . Thus, the difference in ␤-adrenergic tone may be based on modifications of cardiac pacemaker tissue in the embryonic alligator heart.
Perspectives and Significance
The potency of the developmental environment in dictating the neonatal phenotype has been recognized clinically and is known to influence human physiology. On the basis of our findings, this concept can be extended to the American alligator, which experiences changes in abiotic factors, such as O 2 , during ontogeny. We propose that ambient O 2 concentrations dictate the level of gene expression during critical windows of development, programing cardiac morphological and physiological phenotypes in embryonic alligators. To build a more comprehensive understanding of hypoxia's effects on organ development and gene expression, future studies will address the plasticity in developmental timing, termed heterokairy, of cardiovascular sensitivity to hypoxia (56, 64) . For example, when measured at 90% of incubation, snapping turtle embryos exposed to hypoxia between 50 and 70% showed increased heart mass and reduced whole embryo mass (67) . However, in Tate et al. (67) and this study, we only sampled embryonic tissue for gene expression analysis at a single time point (90%) toward the end of embryonic development. Future studies should sample organ masses and quantify gene expression at multiple time points in development to determine whether heterokairy can be induced by hypoxia. Heterokairy may be present in developing reptiles in response to hypoxia and warrants further study in the embryonic alligators, given the findings presented here. We also suggest that the cardiorespiratory phenotype of juvenile animals may also be affected by early exposure to hypoxia, and experiments measuring juvenile cardiac performance will be a rewarding area of future research. Evidence from snapping turtles incubated in hypoxic environments suggests that the cardiovascular physiology is maintained into juvenile life stages (70) , supporting the hypothesis that hypoxic incubation may have lasting effects on juvenile and adult alligators.
